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(54) A computer-implemented method and apparatus for integrating vehicle manufacturing 
operations 

(57) A computer-implemented method and appara- 
tus for designing and manufacturing vehicles In a dis- 
tributed design environment and manufacturing plant 
environment. A database Is provided for storing vehicle 
design data (e.g., tool, part, weld, and torque data) 
related to the vehicles. A process sheet data structure is 
used to interrelate the tool, part, weld, and torque data 
In order to generate process sheet data that depicts the 
assembly process of the vehicles. The assembling proc- 
ess contains the steps to assemble the vehicles. A man- 
ufacturing plant data structure is linked to the process 
sheet data structure for containing station data and pro- 
duction data for assembling the vehicles In the manufac- 
turing plants. The manufacturing plant data structure 
associates the station data with the process sheet data 
in order to indicate the assembly steps for a station con- 
tained within the manufacturing data structure. A finan- 
cial data structure is used to link to the manufacturing 
plant data structure in order to contain financial data 
associated with the assembly of the vehicle and the 
manufacturing plant. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 5 

[0001] The present invention relates generally to 
computer-inDplemented vehicle manufacturing systems, 
and more particularly, to computer-implemented sys- 
tems for integrating vehicle manufacturing operations. io 

BACKGROUND AND SUMMARY OF THE INVEN- 
TION 

[0002] As vehicle technology becomes more com* 75 
plex, the manufacturing of the vehicles increases corre- 
spondingly in complexity. Complexity increases the 
number of design decisions that must be communicated 
to the vehicle manufacturing environment A lacic of 
communication or poor communication of design deci- 20 
sions to the manufacturing environment may have a sig- 
nificant impact upon the quality of the vehicle being 
manufactured and may result in a large number of vehi- 
cles being recalled for connection. 
[0003] Design decisions are also affected by what 2S 
vehicle plant personnel uncover during vehicle assem- 
bly. The feedback by plant personnel needs to be more 
effectively and efficiently communicated to the proper 
design personnel. 

[0004] In addition to the difficulty In communicating 30 
infonnation between design personnel and plant per- 
sonnel, a need also exists to provide vehicle design and 
plant data to financial departments so that costs can be 
accurately determined. Integration and communication 
of data from these different groups are difficult due to 3S 
the complexity associated with the ever increasingly 
more technical vehicles and their manufacturing opere- 
tions. 

[0005] The present invention overcomes the afore- 
mentioned disadvantages as well as other disadvan- 40 
tages. In accordance with the teachings of the present 
Invention, a computer-implemented method and appa- 
ratus is provided for designing and manufacturing vehi- 
cles in a distributed design environment and 
manufacturing plant environment. A database, prefere- 45 
biy a relational database, is provided for storing vehicle 
design data (e.g., tool, part, weld, and torque data) 
related to the vehicles. A process sheet data structure is 
used to interrelate the tool, part, weld, and torque data 
in order to generate process sheet data that depicts the so 
assembly process of the vehicles. The assembly proc- 
ess contains the steps to assemble the vehicles. A man- 
ufacturing plant data stmcture is linked to the process 
sheet data structure for containing station data and pro- 
duction data for assembling the vehicles in the manufac- ss 
turing plants. The manufacturing plant data structure 
associates the station data with the process sheet data 
in order to indicate the assembly steps for a station con- 



tained within the manufacturing data structure. A finan- 
cial data structure Is used to link to the manufacturing 
plant data structure in order to contain financial data 
associated with the assembly of the vehicle and the 
manufacturing plant 

[0OO6] Further areas of applicability of the present 
invention will become apparent from the detailed 
description provided hereinafter. It should be under- 
stood however that the detailed description and specific 
examples, while indicating preferred embodiments of 
the Invention, are intended for purposes of Illustration 
only, since various changes and modifications within the 
spirit and scope of the invention will become apparent to 
those skllled In the artfrom this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The present invention will become more fully 
understood from the detailed description and the 
accompanying drawings, wherein: 

Rgure 1 is a block diagram depk:ting the software 
and data components of the present invention; 

Rgure 2 is a process flow diagram depicting the uti- 
lization of process sheet data within the system of 
the present invention; 

Rgure 3 Is a block diagram deputing the compo- 
nent Interiaces for the station scroll module; 

Rgure 4 is a block diagram deputing the compo- 
nents Interfaces for the standard work instructions 
module; 

Rgure 5 is a block diagram depicting the compo- 
nent Interiiaces for the labor standards module; 

Rgure 6 Is a hardware block diagram depicting 
computer hardware for Implementing the preferred 
embodiment of the present invention; 

Rgures 7a-7b comprise a sample report depicting 
an exemplary process sheet; 

Rgures 8a-8b comprise a sample report depicting a 
second exemplary process sheet; 

Rgure 9 is a sample report depteting an exemplary 
standard woric instruction report; and 

Rgures 10 and 11 are sample reports depicting 
additional exemplary standard work instruction 
reports. 
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DETAILED DESCRIPTION OF THE PREFERRED 
E&flBODIMENTS 

[0008] The invention being thus described, it will be 
obvious that the same may be varied in many ways, s 
Such variations are not to be regarded as a departure 
from the spirit and scope of the Invention, and aJI such 
modifications as would be obvious to one skilled in the 
art are intended to be included within the scope of the 
following claims. 

[0009] Rgure 1 depicts the integrated automated 

design and manufacturing planning system that Inte- 
grates top level vehicle engineering design data with 
manufacturing plant data and with financial information. 
This comprehensive integrated data set 24 from the dif- 
ferent aspects of vehicle design, manufacturing, and 
financing is accessible by computers 28. Computers 28 
can be located at different geographical locations and 
used for the different operations of producing a vehicle. 
For example, computer 32 can be located In a vehicle 
engineering design center In Detroit, Michigan, and can 
be used to update and modify engineering design data 
36 associated with a particular vehicle family 40. It 
should be understood that the present invention Is not 
limited to vehicle 40 referencing a feimily of vehicles, 
since It can also be used In alternate embodiments to 
refer to specific vehicles. 

[0010] Design data 36 is used to build process 
sheets in a data structure 44 that provides the assembly 
steps and other aspects for manufticturing a vehicle 
family 40. Engineering design data can Include, but Is 
not limited to, Electronic Bill of IVIateriat (EBOM) parts 
data, welding data, torque data, tooling data, graphic 
Illustrations, safety data and failure modes and effects 
(FMEA) analysis. 

[0011] Since the manufacturing of a vehicle fiamily 
40 requires many steps, multiple process sheets are 
associated with vehicle family 40. For example, one 
process sheet may Include assembling a subassembly 
link to an outside door handle, while another process 
sheet Is used to install that subassembly to the door of 
a vehicle. 

[001 2] Data regarding a particular vehicle assembly 
plant is associated with the appropriate data In process 
sheet data structure 44 in order to assemble vehicle 
family 40. Scroll data structure 48 includes a plant sta- 
tion layout data structure 52 in order to associate which 
vehicle assembly stations within a particular plant 
should be associated with what process data In process 
sheet data structure 44. Plant scroll data structure 48 
includes, but is not limited to, the number of people at a 
particular assembly station, function of each person, 
and whtoh data in plant scroll data structure 48 a partic- 
ular station should receive. In the preferred embodi- 
ment, data In process sheet data structure 44 is 
converted into a station work instruction data sheet 45 
so as to specify in an ISO-9000 compliant manner the 
work assignments for plant personnel. 



[0013] Plant scroll data structure 48 can be popu- 
lated by computer 56 at a plant located In Saint Louis, 
MO. Moreover, computer 60 located at the company's 
headquarters can generate data for financial data struc- 
ture 64 based upon both data from an estimated plant 
direct labor hours structure 312 and plant production 
scheduled data structure 72. Estimated plant direct 
labor hours data 312 are generated by a labor stand- 
ards software module. This data is used as a manpower 
budget for the plant and compared to the actual man- 
power the plant is using in the plant scroll data structure 
48. 

[001 4] Moreover, due to the access of the plant pro- 
duction schedule data, equipment ordering Is greatiy 
simplified. For example, plant production schedule data 
structure 72 may indicate for a particular plant that 
every fifth vehicle for a predetennined period of time 
shall receive an air conditioning unit. Personnel respon- 
sible for creating work station assignments need to be 
aware of the production schedule in temris of the model 
and option mix (such as air conditioning) and how it will 
affect manning levels. Financial data structure 64 is also 
updated to reflect the financial impact within the vehicle 
manufacturing company for ordering and installing such 
a number of air conditioning units for that partk:ular 
plant. 

[0015] The linking of vehicle-related data from 
many different areas provides for a highly integrated 
engineering and manufacturing processing system. The 
tenm "link" between two sets of data is synonymous with 
the temr) "Join" In the relational database computer field. 
Accordingly, the term "link" is not limited to a physical 
link, but rather denotes that two sets of data can logi- 
cally relate to each other. For example, FMEA data can 
be linked to part data or to a process step tyy assodating 
the relevant FMEA data with a part number or with a 
process step number. In the pretended embodiment, 
substantially all data sets are linked by a common proc- 
ess identifier in one or more distributed relational data- 
bases. 

[0016] A non-limiting advantage of such linklngs is 
that a change in design data 36 tiows automatically to 
the plant level which can impact data contained in finan- 
cial data structure 64. Another advantage is that due to 
tiie integration of production schedule data, plant data, 
and process sheet data, work loads performed at plant 
stations can be optimized such that a proper number of 
people are staffed at each assembly or inspection sta- 
tion. 

[0017] Rgure 2 depicts the process flow for gener- 
ating process sheet data and its use within the manu- 
facturing system. Process sheet data module 98 
generates process sheet data from graphics that were 
preferably created and stored In the CATIA CAD/CAM 
(computer-aided design/computer-aided manufactur- 
ing) system 100. The CATIA computer program is avail- 
able from the following company: Dassault Systemes 
located in France. Part and torque data 104 is provided 
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to process sheet data module 98 and Is preferably gen- 
erated from an electronic bill of materials. Toofing and 
cost Infomnatlon Is provided by a equipment develop- 
ment description system 108, and weld data as prefera- 
bly stored in the CATIA system is furnished at process 
block 112. 

[0018] Process sheet data module 98 generates 
process sheet data that Includes: an assembling proc- 
ess specification (i.e., steps to assemble a particular 
vehicle): graphic markups which are used for associat- 
ing portions of the graphical description of the process 
to text items which describe the process In words; safety 
data automated model year carryover; ergonomics eval- 
uation (e.g., work load optimization); standard terminol- 
ogy and process area; and change release notification 
to downstream appltoations. 

[0019] Process sheet data is used by station scroll 
module 120, labor standards module 124, and failure 
modes and effects (FMEA) module 128. Station scroll 
module 120 uses process sheet data in order to associ- 
ate which process sheet data should be associated with 
what part numbers, at what station number, and with 
what tools. Station scroll module 120 can make this 
association (e.g., link) since it has access to the work 
station layout data Moreover, station scroll module 120 
includes a vehtele option content which is used to spec- 
ify the production option mix and build volumes for the 
plant. Station scroll module 120 can provide a 
value/non-value time analysis via personnel entering 
the standard minutes for an operation in terms of value 
added time and non-value added time for parts, tools, 
walk and miscellaneous work elements. Due to its link 
with process sheet data structure 44 and detailed man 
assignment information, station scroll module 120 can 
perfonm station effteiency analysis in order to detemnine 
whteh station are understaffed or overstaffed. 
[0020] Using the data generated by station scroll 
module 120, station work instruction module 140 gener- 
ates data that provide specific instructions for personnel 
at a partteular manufacturing station. The station work 
instruction data not only contains textual descriptions of 
the instructions, but also includes graphics that depict 
the assembly sequence for that particular station, as 
well as notations for whether a parttoular step has par- 
ticular OSIHA safety aspects, governmental regulations, 
or customer satisfaction characteristics. 
[0021] Standard work instruction module 140 also 
associates the work instructions with International 
Standards Organization (ISO) 9000 documentation to 
ensure that controls exist such that the printed standard 
work instruction matches the infonnation of the process 
sheet data that Is stored in the computer database, 
[0022] Plant feedback module 1 44 allows plant per- 
sonnel to enter comments or questions about the proc- 
ess into the system of the present invention which are 
accessible via a computer network by engineers at the 
vehicle compan/s design center. This Is another exam- 
ple of the integrated nature for the different areas of 



vehicle design and manufacturing. Information is con- 
veyed from engineering design personnel to the person- 
nel associated with plant operations as well as the flow 
of infonnation back from the plant level to engineering 

5 design personnel. 

[0023] Process sheet data is also utilized by labor 
stancterds module 124 In order to associate labor stand- 
ards with the assembly process information generated 
by process sheet data module 98. Data generated by 

10 labor standards module 124 Include infonmation related 
to both direct labor standards and Indirect labor man- 
ning table data, in particular, labor standards module 
124 utilizes process sheet data as input in order to 
assign a time as to how long a particular process step 

IS on a process sheet should take. Moreover, labor stand- 
ards module 124 generates a direct labor budget for 
each process sheet based upon the number of hours 
and the skill level of the person performing the work. 
With this information, the finance department assigns a 

20 dollar amount to the overall process sheet 

[0024] FMEA module 128 associates both design 
FMEAs and process FMEAs with process sheet data, 
and is linked to the process sheet data. This FMEA data 
is provided to an en-orAnistake proofing module 150 in 

25 order to assist plant personnel to identify causes of 
errors that occur at the plant as well as what are the 
possible effects of the en-or having occurred. The infor- 
mation generated by module 150 is utilized by the plant 
feedback module 144 so that issues that are raised 

30 regarding the process can be better analyzed with the 
FMEA data. 

[0025] FMEA module 128 also provides data to 
control plan module 154 in order to report on the FMEA 
data that is linked to the process sheet data of module 

35 98 as well as Its connection with respect to tiie station 
work instruction data generated by module 140. This 
linkage by module 154 is provided to plant feedback 144 
so that a more comprehensive evaluation of any manu- 
facturing issues that arise can be performed. 

40 [0026] Figure 3 depicts the component interfaces 
associated with station scroll module 120. Station scroll 
module 120 utilizes plant production schedule 72, proc- 
ess sheet data 44, part changes 200, torque specifica- 
tions 204, and tool changes 208 in order to generate the 

45 output generally depicted at reference numeral 212. 
Station scroll module 120 examines plant production 
schedule 72 for a particular plant and generates work 
station assignments 216 in order to associate which 
personnel should perform what assignments in order to 

50 best meet the production schedule requirements. The 
production schedule requirements are used to generate 
man power tracking reports 220 which are used in a 
perfonmance feedback system that examines the effi- 
ciency of man power allocations. 

55 [0027] Station scroll module 120 also provides 
infonmation wherein station efficiency is examined. Sta- 
tion efficiency module 224 includes an workload optimi- 
zation module 226 that attempts to balance the 
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workload across multiple stations that is established via 
plant production schedule 72. Station scroll nnodule 120 
also produces information in order to evaluate non- 
standard manpower data, such as a process that was 
missed or that has been revised In the plant The infor- 
mation related to non-standard manpower 228 is used 
to generate financial data 64. 
[0028] Rgure 4 depicts the interfaces associated 
with the standard work instructions module 140. Stand- 
ard work instructions module 140 receives data inputs 
regarding work station assignments 216 from the sta- 
tion scroll module as well as graphic illustrations 100 
from process sheet data module 98. In the prefen^ed 
embodiment, standard work instructions module 140 
can store and retrieve graphic illustrations 100 either in 
an Adobe Acrobat fonmat 250 or in an Visio data fbnnat 
254. Based upon these Inputs, standard work Instruc- 
tion module 140 generates standard work instructions 
data 258. 

[0029] Rgure 5 depicts the interfaces associated 
with the labor standards module 124. Labor standards 
module 124 uses as inputs process sheet data 44, Cor- 
porate S.T.V. 300 (S.T. V. is an acronym for Specify The 
Vehicle), and standard time data 304. Based upon 
these inputs, labor standards module 124 generates: 
direct labor budget reports 308 (which are used by a 
vehicle company's finance department); direct labor 
budget hours 312 which reflect the cost of the produc- 
tion system cost or production system 316; and the 
product cost tracking for the "as ordered" system 320. 
The cost of production system 316 differs from product 
cost tracldng for the "as ordered" system 320 in the fol- 
lowing manner: the costs of production system calcu- 
lates the total average labor hours used to build the 
vehicles In a plant by using volumes based on the actual 
vehicles being built and shipped; the "as ordered" sys- 
tem uses estimated planning volumes to cateulate the 
total average labor hours. 

[0030] Rgure 6 deptets the hardware that is used In 
the prefen'ed embodiment of the present invention. An 
Unix server 350 contains a relational data base 354, 
such as is available from Sybase. Relational database 
354 stores the data associated with the process sheet 
data Unix server 350 also preferably stores the graphic 
illustrations in the format of Adobe Acrobat Portable 
Document Format (.PDF), Window MetaFile Fonnat 
(.WMF) and Tag Image RIe Fonnat (.TIF). A Novell 
server 362 stores the executable software modules 366, 
such as, but not limited to, the database applications 
that are used to access the data stored in relational 
database 354 as well as the graphic files 358. In the 
preferred embodiment, the executable software mod- 
ules 366 utilize client/server and web-based tools such 
as Visual BASIC, Java and Java Script in order to 
access the data stored in relational database 354 and 
the graphic files 358. 

[0031] Users of the present invention access the 
programs and the data that are located on Unix server 



350 and Novell server 362 via network 370. In the pre- 
fen-ed embodiment, users utilize a Windows-based 
computer platform 374 In order to access the programs 
and data. Piatfomn 374 can be located at different geo- 

5 graphic locations, such as Detroit, Michigan or in Mis- 
souri, or even in a foreign country. Security measures 
are utilized by the system to ensure that only proper 
users have access to the programs and data of the 
present invention. 

10 [0032] Rgures 7a-7b depict an exemplary process 
sheet that was generated by the process sheet module. 
This exemplary process sheet depicts the process 
steps associated with providing a subassembly link to 
an outside door handle. Rgure 7a depicts a graphic 

IS depiction at reference numeral 400 for the step-tiy-step 
process related to the subassembly link to the outside 
door handle. Each step of the particular process is num- 
bered within graphic 400 in order to better convey the 
assembly sequence. Reference numeral 415 shown in 

20 a tabular formal an association between an item with 
what parts are required as welt as the quantity. With this 
type of information, coupled with the estimated and real- 
time production data, financial data can be detemntned. 
[0033] Within graphic 400, the preferred embodi- 

25 ment utilizes three different symbols to differentiate 
whether a process step is directed to a process, a part, 
or an explanatory note. Legend 404 is preferably shown 
adjacent to the graphic to remind the user which symbol 
is used for which purpose. In this example, six steps are 

30 associated with the sub assembly link to the outside 
door handle. The present Invention also Includes the 
feature of showing a magnified view of a particular step 
of the process. For example, with respect to process 
step six, a magnified view 408 is depicted for the regular 

35 view of process step six shown at reference numeral 
412. 

[0034] Rgure 7b provides the textual description for 
the process steps depicted on Figure 7a With respect to 
Figure 7b, item column 420 Includes six items which 

40 correspond to the six steps shown on Figure 7a. 

[0035] Rgures 8a-8b depict a process sheet asso- 
ciated with the vehicle door assembly steps that are 
perfonmed after the steps depicted in Rgure 7a The 
partk:ular process invoh/ed with the process sheet of 

45 Figures 8a and 8b is the installation of the front door 
outside handle to the door. The subassembly link of Rg- 
ure 7a is shown in Rgure 8a at reference numeral 450. 
Part infomnatlon is shown at reference numeral 454 and 
a textual description of the process steps is provided In 

50 Figure 8b. 

[0036] Rgure 9 depicts a standard work Instruction 
exemplary data sheet. This exemplary standard work 
instruction data sheet is based upon process sheet data 
that Is generated by the process sheet module. How- 

55 ever, the standard work instruction data sheet contains 
the data in a different format in order to better suit the 
operations performed at a particular station. 
[0037] With respect to each operational sequence 



5 



9 



EP 1 081 028 A2 



10 



shown in column 500. symbols are ittilized to depict 
whether a particular operational step has particular 
OSIHA safety aspects, govemmental regulations, cus- 
tomer satisfaction characteristics or special disposal 
requirements having environmental impact. For exam- 
ple, installation of a particular part may Include that the 
part be installed at a specific torque and with tight toler- 
ances. The vehicle manufacturing company may have 
been experiencing a number of complaints that during 
operation of the vehicle by a number of customers, the 
part had become unseated. Consequently, this opera- 
tional step that installs the part on the vehicle should be 
performed at higher quality standard levels than normal. 
[0038] In addition to the textual operation sequence 
500, a graphic is provided as shown by reference 
numeral 504. Legend 508 contains standard worl( 
instruction documentation information, such as, but not 
limited to, what changes have occurred to this particular 
standard work instruction sheet. Legend 508 provides 
the information necessary for the report to comply with 
ISO 9000 requirements. 

[0039] Rgure 10 is a sample report depicting an 
additional exemplary standard work instruction report 
The present invention as a convenience depicts within 
graphic window 520 several steps of the process. For 
example, reference numerals 520 and 522 depict the 
process steps shown in Rgure 7a. reference numeral 
524 depicts the process step shown In Rgure 8a. 
[0040] Rgure 11 is a sample report deputing 
another exemplary standard work instruction report 
Column 530 depicts several examples of key points 
being associated with certain operational steps. For 
example, the product regulatory point "verify conrect 
bracker is associated with the operational step directed 
to installing the accelerator. Graphic window 532 
depicts graphics of how portions of the vehk:le should 
appear when the assembly process has been com- 
pleted. 

[0041] Various other advantages of the present 
Invention will become apparent to those skilled In the art 
after having the benefit of studying the foregoing text 
and drawings taken In conjunction with the following 
claims. 

Claims 

1. A computer-Implemented system for designing and 
manufacturing vehk:les in a distributed design envi- 
ronment and manufacturing plant environment, 
comprising: 

a database for storing vehicle engineering 
design data related to the vehk^les; 

a process sheet data structure for interrelating 
the vehtele engineering design data In order to 
generate process sheet data that depicts the 
assembling process of the vehicles, said 



assembling process containing steps to 
assemble the vehk:les; 

a manufacturing plant data structure linked to 
5 the process sheet data structure for containing 

assembly station data and production data for 
assembling the vehicles in manufacturing 
plants, said manufacturing plant data structure 
associating the station data with the process 
10 sheet data in order to indk:ate the assembling 

steps for a station contained within the manu- 
facturing data structure; 

a financial data structure linked tothe manufac- 
15 turing plant data structure for containing finan- 

cial data associated with the assembling of the 
vehicle In the manufacturing plants. 

2. The system of Claim 1 wherein the vehicle engi- 
20 neering design data includes part, torque, tooling, 

and weld data related to the assembling process. 

3. The system of Claim 1 further comprising: 

25 graphs files for being incorporated into the 

process sheet data, said graphic files visually 
depkning steps associated with assembling a 
vehicle. 

30 4. TTie system of Claim 1 wherein the manufacturing 
plant data structure includes associating the sta- 
tions with resources that operate the stations. 

5. The system of Claim 4 further comprising: 

35 

a worktoad balancer module fbr balancing the 
workload with respect to the stations. 

6. The system of Claim 4 further comprising: 

40 

a workload balancer module for balancing the 
workload with respect to the stations using the 
resources that are associated with their 
respective stations. 

45 

7. The system of Claim 4 further comprising: 

a workload analysis module for determining the 
workload with respect to the stations using the 
so resources that are associated with their 

respective stations. 

8. The system of Claim 7 wherein the workload analy- 
sis module determines at least one station tiiat is 

55 understaffed with respect to performing steps asso- 
ciated with the station. 

9. The system of Claim 1 wherein the process sheet 
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data staicture indicates for at least one step a pre- 
determined assembiy aspect, said predetermined 
assembly aspect being selected from the group 
consisting of safety-related assembly aspect, prod- 
uct regulatory-related assembly aspect, customer 
satisfaction-related assembly aspect, and combina- 
tions thereof. 

10. The system of Claim 1 further comprising: 

a failure analysis module for associating at 
least one process step with failure modes and 
effects data that is related to the process step. 

11. The system of Claim 1 further comprising: 

a failure analysis module for associating at 
least one part related to a process step with 
failure modes and effects data that is related to 
the part. 

12. The system of Claim 1 further comprising: 

a station woric Instruction module for generat- 
ing assembly instructions 

related to an assembly station. 

13. The system of Claim 12 further comprising: 

a plant feedback module for associating feed- 
back data related to an assembly step in the 
assembly instructions; and 

a computer network for transmitting the feed- 
back data to engineers in order for the engi- 
neers to analyze the feedback data with 
respect to vehicle design data. 



labor costs. 

17. The system of Claim 14 further comprising: 

5 an Input device for providing real-time produc- 

tion data of manufacturing plants to the labor 
standards module in order for the labor stand- 
ards module to detemiine the labor costs asso- 
ciated with the manufacturing plants. 

10 

18. The system of Claim 14 further comprising: 

an input device for providing estimated produc- 
tion data of manufacturing plants to the labor 
IS standards module in order for the labor stand- 

ards module to determine the labor costs asso- 
ciated with the manufecturing plants. 

19. The system of Claim 1 further comprising: 

20 

an Input device for providing changes to vehtele 
engineering design data, said process sheet 
data structure being automatically modified 
based upon the changes; and 

25 

a computer network for substantially automati- 
cally communicating the modified process 
sheet data structure to the manufacturing 
plants such that at least one assembly step In a 
30 manufacturing plant is modified based upon 

the modified process sheet data structure. 

20. A computer-implemented system for designing and 
manufecturing vehicles in a distributed design envi- 

35 ronment and manufacturing plant environment, 
wherein engineers generate vehicle design data, 
wherein plant personnel assemble vehicles at vehi- 
cle stations, said system comprising: 



14. The system of Claim 1 further comprising: 40 

a labor standards module connected to the 
financial data structure for detemnining labor 
costs associated with the assembling of the 
vehicle in the manufacturing plants. 4S 

1 5. The system of Claim 1 4 further comprising: 

an Input device for providing standard time data 
to the labor standards module in order for the so 
labor standards module to detemiine the labor 
costs. 



16. The system of Claim 1 4 further comprising: 

an input device for providing corporate S.TV. 
data to the labor standards module in order for 
the labor standards module to determine the 
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a database for storing the vehicle engineering 
design data that is generated by the engineers; 

a process sheet data structure for inten-elating 
the vehicle engineering design data in order to 
generate process sheet data that depicts the 
assembling process of the vehicles, said 
assembling process containing steps to 
assemble the vehicles; 

a manufacturing plant data structure linked to 
the process sheet data structure for containing 
assembly station data and production data for 
assembling the vehicles in manufacturing 
plants, said manufacturing plant data structure 
associating the station data with the process 
sheet data In order to indteate the assembling 
steps for a station contained within the manu- 
facturing data structure; 



7 
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a financial data structure linked to the manufac- 
turing plant data structure for containing finan- 
cial data associated with the assembling of the 
vehicle in the manufacturing plants. 
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